INTRODUCTION
============

*Toxoplasma gondii* is an obligate intracellular protozoan parasite for which almost all warm-blooded vertebrates including mammals and birds can serve as the intermediate host. The disease caused by *T. gondii* can be detrimental to both humans and animals \[[@b1-kjp-57-6-665]--[@b4-kjp-57-6-665]\]. Although multitudinous animals and humans can serve as the intermediate host, oocysts of *T. gondii* are excreted only from felidae. Infections in healthy adult humans are usually asymptomatic or mild. However, cervical or occipital lymphadenopathy and ocular toxoplasmosis have occurred in some patients \[[@b5-kjp-57-6-665],[@b6-kjp-57-6-665]\]. More severe sequelae can occur if the primary infection is acquired during pregnancy in which the fetus can be severely affected resulting in hydrocephalus, retinochoroiditis, convulsions and intracerebral calcification \[[@b7-kjp-57-6-665],[@b8-kjp-57-6-665]\]. In addition to the congenital transmission route via the placenta, humans also become infected with *T. gondii* by the ingestion of insufficiently or undercooked meat containing tissue cysts or by accidental ingestion of oocysts in water or food that have been contaminated by the cat feces \[[@b2-kjp-57-6-665],[@b7-kjp-57-6-665],[@b9-kjp-57-6-665]\].

Seroprevalence is a good risk assessment for the exposure of cats to *T. gondii*. There have been several studies in Korea on the prevalence of feral cats which indicated that 20.7% of cats were seropositive by the Latex agglutination \[[@b10-kjp-57-6-665]\], 8.1% by the latex agglutination test, 16% by ELISA, 13.2% by PCR analysis \[[@b11-kjp-57-6-665]\], 15.8% by ELISA and 17.5% by PCR \[[@b12-kjp-57-6-665]\]. Results of these studies indicate that the infection rate of feral cats in Korea is considerably lower than cats from other countries including the United Sates where antibodies to *T. gondii* were found in 31% of 12,628 cats \[[@b13-kjp-57-6-665]\]. Dubey and Jones also summarized 8 seroprevalence studies of *T. gondii* in domestic cats from the USA in which 55.8% of 1,133 cats in the surveys were seropositive to *T. gondii* \[[@b14-kjp-57-6-665]\]. Seropositive cats to *T. gondii*, however, do not usually impose a threat to human transmission of the pathogen because most cats only shed oocysts for about 1 week in their life, and seropositive cats to *T. gondii* had excreted oocysts into the feces prior to the development of specific antibodies, and are in general considered to be immune to reshedding of oocysts \[[@b7-kjp-57-6-665],[@b15-kjp-57-6-665]\]. Although reshedding of oocysts can occur in some situations such as in immunocompromized patients, it is therefore a fair assumption that cats that are seropositive have already shed *T. gondii* oocysts \[[@b9-kjp-57-6-665],[@b14-kjp-57-6-665]\]. Since oocyst-transmitted infections may be more severe than tissue cyst-induced infections \[[@b16-kjp-57-6-665]\] and cats may excrete millions of oocysts after ingesting only 1 bradyzoite or 1 tissue cyst to contaminate the living environment \[[@b17-kjp-57-6-665]\], it is still important to correctly assess the prevalence of *T. gondii* oocyst shedding in a population of cats. Under laboratory conditions, cats can shed as many as 500 million oocysts after ingesting 1 *T. gondii*-infected mouse \[[@b18-kjp-57-6-665]\].

The prevalence rate of feral cats shedding *T. gondii* oocysts has been reported in USA \[[@b19-kjp-57-6-665]\], Spain \[[@b20-kjp-57-6-665]\], Italy \[[@b21-kjp-57-6-665]\], and Japan \[[@b22-kjp-57-6-665]\] as 1.8%, 0.6%, 0.4%, and 0.8%, respectively. However, no studies have been performed to investigate the prevalence of cats shedding oocysts of *T. gondii* in Korea. In this study, we examined fecal samples of 563 feral cats over a 3-year period to identify cats with *T. gondii* oocysts in Korea. We excluded in-house pet cats in the survey because a previous report indicated that seropositivity to *T. gondii* is minimal in such population \[[@b23-kjp-57-6-665]\]. We provided molecular evidence that the oocysts excreted into cats were of *T. gondii* by PCR, and also identified the tissue cyst of *T. gondii* from the brain of an infected cat.

MATERIALS AND METHODS
=====================

Animals
-------

Five hundred and sixty-three feral cats (*Felis catus*) of Korean shorthair were subjects of the study. Part of this study was a collateral research program supported by the Communicable Diseases Control Program of National Institute of Health (NIH), Korea Centers for Disease Control and Prevention (KCDCP). The cats were trapped from 3 different programs during a period of 3 years. In 2009, a total of 128 feral cats (75 males and 53 females, av. 1.2 kg b.w.) were captured in Gwangju Metropolitan City. In 2010, 207 feral cats, 91 males and 116 females with an average weight of 3.1 kg, were captured in the Seomjin River basin areas that included Hadong-gun, Gokseong-gun, Gurye-gun, Gwangyang-si, Suncheon-si, Yeosu-si and Namwon-si. Finally, in 2011, 228 feral cats, 107 male and 121 females with an average weight of 3.5 kg were captured from the 4 major river basin areas of Hangang, Geumgang, Yeongsangang and Nakdonggang. A humane trap designed to contain a cat without injuring or killing was used to capture feral cats. Each trap was made with a plastic cage (25×25×60 cm) with the door held open by means of a thread that was connected to a piece of fried chicken which was placed inside the trap to lure a cat. When a cat grabs and/or bites the food, the door drops down behind the animal, enclosing the animal inside.

Microscopic examinations
------------------------

Fecal samples of each feral cat were examined by the conventional Sheather's sugar flotation method using a saturated sugar solution \[[@b24-kjp-57-6-665]\]. Floated material was transferred to a slide and observed under a light microscope with a micrometer (Axioscope, Zeiss, Jena, Germany). Identification of oocysts was made by the morphological characteristics as reported previously \[[@b25-kjp-57-6-665]\].

Histological examinations
-------------------------

One of oocyst-excreting cats was euthanized after 2 months of captive state and necropsy was performed. Euthanasia was induced by intramuscular injection with suxamethonium chloride (1 ml/kg, Succicholine^®^, Ilsung Paarmaceuticals, Korea) followed by an IM injection of tiletamina and zolazcepan (0.05ml/kg, Zoletil 50^®^, Virbac S.A, Carros, France). From the euthanatized cat, the entire brain was extracted, and transverse sections were made at 0.5-cm intervals. Tissues were embedded in paraffin and sections were cut at 5-pm thickness and routinely stained with hematoxylin and eosin (HE).

PCR
---

Differential diagnosis between *T. gondii* and *Hammondia hammondi* oocysts was performed by PCR as previously described \[[@b8-kjp-57-6-665]\]. The oocysts of *T. gondii* were collected from feces, sporulated for 5 days at 24°C and 3 cycles of freezing (−80°C)-thawing were done. The pellet was subjected first to proteinase K digestion (1 hr at 60°C) and then to DNA extraction with MasterPure^TM^ DNA purification kit (Epicentre^®^ Biotechnologies, USA) as specified by the manufacturer.

PCR reaction of *T. gondii* DNA in oocysts was performed in total volume of 20 μl genomic DNA, 1 unit *HiPi*^TM^ thermostable DNA polymerase in 250 Mm Tris-HCl (pH9.0), 80 Mm (NH~4~)~2~SO, 10% DMSO, 8.75 Mm MgCl, 0.05% bromophenol phenol blue, 12% glycerol and stabilizer primers pairs Tox-5/Tox-8 (5′-CCC AGC TGC GTC TGT CGG GAT-3′/5′-GAC GTC TGT GTC ACG TAG ACC TAA G-3′) and Hham34F/Hham3R (5′-ATC CCA TTC CGG CTT CAG TCT TTC-3′/5′-ACA GCG GAG CCG AAG TTG GTT T-3′) \[[@b8-kjp-57-6-665],[@b26-kjp-57-6-665]\]. DNA amplification with primer pairs Tox-5/Tox-8 was conducted using the Palm Cycler (Corbett Research, Australia) in the following conditions: initial denaturation at 94°C for 2 min; denaturation at 94°C; annealing at 60°C; extension at 72°C for 1 min for 35 cycles; and final extension at 72°C for 10 min. Comparison of *T. gondii* with *H. hammondii*, DNA amplification using primer pairs Hham34F/Hham3R was performed under the following conditions: initial denaturation at 94°C for 5 min; denaturation at 94°C and annealing at 60°C and extension at 72°C for 1 min for 35 cycles; and a final extension at 72°C for 10 min. Agarose gel electrophoresis was carried out, followed by staining with ethidium bromide.

RESULTS
=======

Results of fecal examination by the Sheather's sugar flotation of 563 feral cats are summarized in [Table 1](#t1-kjp-57-6-665){ref-type="table"}. Oocysts of *T. gondii* excreted into feces were spherical in shape and measured an average of 10×12 μm in diameter in the feces ([Fig. 1](#f1-kjp-57-6-665){ref-type="fig"}), and were found from 4 of 128 cats in 2009 (3.1%) and one of 228 (0.4%) in 2010 while none of the 207 cats in 2010 were found positive in their feces, resulting in an overall prevalence of 0.89% (5/563) between 2009 and 2011. Among the 5 cats positive with *T. gondii* oocysts, 4 of the cats were male and 1 was female with an average body weight of 0.87 kg. Four cats were co-infected with *Toxocara cati* and 3 with *Cystoisospora felis*. In the feces of the cat caught in 2011, numerous oocysts were observed which number was estimated as 1.82×10^6^/g of feces.

Tissue cysts were found in the brain of one of the 5 cats after 2 months upon necropsy. The tissue cyst wall was thin (\<0.5 μm) and hundreds of crescent-shaped bradyzoites with a nucleus situated toward the posterior end were observed ([Fig. 2](#f2-kjp-57-6-665){ref-type="fig"}). The size of tissue cysts was approximately 60 μm in diameter.

Primer pair Tox-5/Tox-8 and Hham34F/Hham3R used in PCR amplification of cat feces containing *T. gondii*-like oocysts confirmed the presence of *T. gondii* oocysts in the feces ([Fig. 3](#f3-kjp-57-6-665){ref-type="fig"}). Amplified products of the expected sizes were formed in line 2--6 by using primer Tox-5/Tox-8, but no amplification was observed line 7--11 by using primer Hham34F/Hham3R as the same samples ([Fig. 3](#f3-kjp-57-6-665){ref-type="fig"}). All samples of oocysts from the feces of the 5 cats were identified as the oocysts of *T. gondii*.

DISCUSSION
==========

This study investigated 563 feral cats of Korean short hair between January 2009 and December 2011 which were trapped from 5 major river basin areas in Korea and we discovered the 5 young cats (0.89%) with an average body weight of 0.87 kg were excreting *T. gondii* oocysts in the feces. Since infective oocyst is the only practical threat to human transmission in association with cats, this study provides a good indication of the risk assessment of feral cats in the transmission of *T. gondii* to humans in Korea.

Although this is the first report in Korea on the prevalence of cats shedding *T. gondii* oocysts, such studies have been reported from other countries \[[@b19-kjp-57-6-665],[@b21-kjp-57-6-665],[@b27-kjp-57-6-665]\]. For example, the rate of *T. gondii* oocyst excretion in feral cats reported from USA \[[@b19-kjp-57-6-665],[@b28-kjp-57-6-665],[@b29-kjp-57-6-665]\], Spain \[[@b20-kjp-57-6-665]\], Italy \[[@b21-kjp-57-6-665]\], Japan \[[@b22-kjp-57-6-665]\], and Brazil \[[@b30-kjp-57-6-665]\] was 0.7%, 1.8%, 0.6%, 0.4%, 0.8%, and 0.5%, respectively. Our result also was determined to be at a similar ratio to those of previous reports.

Discrepancies have existed between seroprevalence rates of feline toxoplasmosis and those of oocyst production in a population because cats infected with *T. gondii* excrete oocysts into feces only for 1 to 3 weeks after a short 10-day of prepatent period \[[@b3-kjp-57-6-665]\]. After the first infection, cats develop tissue cysts in the muscle, nervous system and other organs, and are considered to be immune to reshedding of oocysts for the rest of their lifetime. For this reason, results of this study was contrary to the previous surveys on the seroprevalences of *T. gondii* in feral or stray cat populations in Korea which were 20.7% by LAT \[[@b10-kjp-57-6-665]\]; 8.1% by LAT, 16% and 13.2% by ELISA and PCR analysis \[[@b11-kjp-57-6-665]\] and 15.8% and 17.5% by ELISA and PCR \[[@b12-kjp-57-6-665]\].

Although the percent of cats expected to shed oocysts at any given time is approximately 1% \[[@b7-kjp-57-6-665],[@b15-kjp-57-6-665]\], it could be even more difficult to find oocyst-shedding cats among household cats if they are not allowed to hunt mice and rats. The difference in seroprevalence rates between feral and household cats in a population supports this assumption. For instance, seropositive rates of *T. gondii* were 15.0% in outdoor and 4.6% in household cats in Japan \[[@b31-kjp-57-6-665]\], 36.9% in stray cats and 25.5% in household cats in Spain \[[@b32-kjp-57-6-665]\] and 30.7% in stray cats and 17.9% in household cats in China. In Korea, one study reported seroprevalence rate of 38.0% in stray cats while no positive cats were detected in household cats \[[@b23-kjp-57-6-665]\]. This result is quite reasonably expected because Koreans have a custom to keep their pet cats indoors. If they provide their cats with commercial dry and/or canned food and no raw meat, indoor type cats rarely have access to get infected with *T. gondii*.

Together with low prevalence of oocyst-shedding cats and the custom of keeping pet cats indoors, keeping raw meat out of cat's reach would minimize the opportunity of being infected with *T. gondii* via pet cats in Korea. It is assumed that cleaning the cat litter box is an important risk factor for *T. gondii* infection, but a case-control study in Norway to identify preventable risk factors for *T. gondii* infection in pregnancy indicated that eating raw or undercooked minced meat products, eating unwashed raw vegetables or fruits, eating raw or undercooked mutton, eating raw or undercooked pork were more associated with *T. gondii* infection in pregnancy than cleaning the cat litter box \[[@b33-kjp-57-6-665]\]. In a European multicenter study conducted in several regions of France, Italy, Belgium, Denmark and Sweden, between 30% and 63% of infections in the different centers were attributed to consumption of undercooked or cured meat products and 6% to 17% to soil contact \[[@b34-kjp-57-6-665]\]. Since ingestion of oocyst-contaminated food or water is the only practical way to get infected with *T. gondii* in association with cat, low prevalence of cats with *T. gondii* oocysts in the feces of cats in Korea may help reduce the fear and public perception of cats as the major source for human transmission of toxoplasmosis.

Reports indicate that seropositivity to toxoplasmosis among Korean residents is distinctively low compared to that of Europeans and Americans. According to previous surveys of humans in Korea, the seropositivities of *T. gondii* were 5.8% \[[@b35-kjp-57-6-665]\], 3.8% by ILA, 7.0% by ELISA \[[@b36-kjp-57-6-665]\], 6.9% by ELISA \[[@b37-kjp-57-6-665]\], 0.88% by ELISA \[[@b38-kjp-57-6-665]\], 3.7% by DT, 3.4% by LAT, 4.0% by ELISA \[[@b39-kjp-57-6-665]\], 6.6% by LAT, and 6.7% by ELISA \[[@b40-kjp-57-6-665]\]. By contrast, selected serological surveys in humans in the USA summarized by Dubey and Jones showed seropositivity ranging between 10.8% and 31% from 1962 to 2004 \[[@b14-kjp-57-6-665]\]. When analyzing the seroprevalences of *T. gondii* infection between the 2 countries, Americans were approximately twice as high as Koreans. In Europe, serum from healthy house cats aged 3 months to 7 years revealed that 24.9% of cats in Belgium were seropositive for *T. gondii* by IIFA \[[@b1-kjp-57-6-665]\]. Stray cats in Belgium showed an even higher rate for *T. gondii* in that 70.2% (243/346) of serum samples taken between 1998 and 2000 from urban stray cats in the city of Ghent were positive for *T. gondii* \[[@b41-kjp-57-6-665]\]. In contrast, seroprevalence of *T. gondii* in 1,447 domestic cats from Japan was only 5.4% and no significant differences in seropositivities were observed in *T. gondii* infections concerning to both genders and raising status \[[@b31-kjp-57-6-665]\].

One of the reasons for the low prevalence in seropositivity to *T. gondii* among Koreans can be attributed to the low population of people raising cats as pets in Korea. According to a study in Korea, the population of dogs had amounted to 97.8% of the total number of cats and dogs as pets in 2006 \[[@b42-kjp-57-6-665]\]. The custom of consuming fully cooked meat by Korean residents especially with pork meat may also contribute to the low seroprevalence of toxoplasmosis among Koreans.
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![Microscopic examination of feral cat feces following the Sheather's sugar flotation technique. Arrowheads: Unsporulated oocyst of *Toxoplasma gondii*; black arrow: unsporulated oocyst of *Cystoisospora felis*; white arrow: off-focused *Toxocara cati* egg. Bar=50 μm.](kjp-57-6-665f1){#f1-kjp-57-6-665}

![Histosection of the brain tissue from a feral cat infected with *Toxoplasma gondii* stained with H&E stain. Arrow: Tissue cyst wall; arrowhead: hundreds of bradyzoites. Bar=40 μm.](kjp-57-6-665f2){#f2-kjp-57-6-665}

![Differential diagnosis of *Toxoplasma gondii* oocysts from *Hammondia hammondi* in the feces of feral cats by PCR. *T. gondii*-specific PCR (primer pair Tox5--Tox-8; lanes 2--6) and the *H. hammondi*-specific PCR (primer pair Hham34F--Hham3R; lanes 7--11). Genomic DNA sample of *T. gondii* (lane 5 and 10) was used as positive controls. Markers represent a 100-bp ladder (lane 1 and 12).](kjp-57-6-665f3){#f3-kjp-57-6-665}

###### 

Excretion of *T. gondii* oocysts from feral cats trapped from 2009 to 2011 in Korea

  Category    2009   2010   2011   Total                                                              
  ----------- ------ ------ ------ ------- --- ----- ----- --- --- ----- ----- ------ --- ----- ----- ------
  Weight                                                                                              
   \<1.5 kg   4      93     97     4.3     0   4     4     0   1   3     4     33.3   5   100   105   5.0
   ≥1.5 kg    0      31     31     0.0     0   203   203   0   0   224   224   0.0    0   458   458   0.0
   Total      4      124    128    3.2     0   207   207   0   1   227   228   0.4    5   558   563   0.9
                                                                                                      
  Gender                                                                                              
   Male       3      72     75     4.2     0   116   116   0   1   106   107   0.9    4   294   298   1.4
   Female     1      52     53     1.9     0   91    91    0   0   121   121   0.0    1   264   265   0.4
   Total      4      124    128    3.2     0   207   207   0   1   227   228   0.4    5   558   563   0.89

Tg+: excretion of *T. gondii* oocysts, Tg−: no excretion of *T. gondii* oocysts.
